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Claims

We claim:

1. An acylcarnitine analogue of the general formula##STR3##

wherein R is an alkyl chain selected from the group consisting of --C.sub.10 H.sub.21, --
C.sub.11 H.sub.23, --C.sub.12 H.sub.25, --C.sub.13 H.sub.27, --C.sub.14 H.sub.29, --C.sub.16
H.sub.33, --C.sub.17 H.sub.35, --C.sub.18 H.sub.37, --C.sub.19 H.sub.39, --C.sub.20 H.sub.41, -
-C.sub.21 H.sub.43 and --C.sub.22 H.sub.45.

2. A composition of matter, comprising,

acarrier, and

an acylcamitine analogue of the general formula ##STR4##

wherein R is an alkyl chain selected from the group consisting of --C.sub.10 H.sub.21 to --
C.sub.30 H.sub.61.

3. The composition of matter of claim 2, further comprising mucic acid.
4. The composition of matter of claim 2 wherein said carrier isagel.

5. The composition of matter of claim 2 wherein R=--C.sub.10 H.sub.21.
6. The composition of matter of claim 2 wherein R=--C.sub.11 H.sub.23.
7. The composition of matter of claim 2 wherein R=--C.sub.12 H.sub.25.

8. The composition of matter of claim 2 wherein R=--C.sub.13 H.sub.27.
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9. The composition of matter of claim 2 wherein R=--C.sub.14 H.sub.29.

10. The composition of matter of claim 2 wherein R=--C.sub.15 H.sub.31.

11. The composition of matter of claim 2 wherein R=--C.sub.16 H.sub.33.

12. The composition of matter of claim 2 wherein R=--C.sub.17 H.sub.35.

13. The composition of matter of claim 2 wherein R=--C.sub.18 H.sub.37.

14. The composition of matter of claim 2 wherein R=--Cl.sub.9 H.sub.39.

15. The composition of matter of claim 2 wherein R=--C.sub.20 H.sub.41.

16. A method of contraception for a female mammal, comprising

placing a contraceptively effective amount of a microbicidal spermicidein avaginal cavity of
said female mammal, said microbicidal spermicide comprising an acylcamitine analogue having

the formula ##STR5##

wherein R is an akyl chain selected from the group consisting of --C.sub.10 H.sub.21 to --
C.sub.30 H.sub.61.

17. The method of claim 16 wherein said microbicidal spermicideisagel.

18. The method of claim 16 wherein said microbicidal spermicide further comprises mucic acid.
19. The method of claim 16 wherein R=--C.sub.10 H.sub.21 to --C.sub.22 H.sub.43.

20. A method of inactivating mammalian spermatozoa, comprising

contacting said spermatozoa with a spermicidally effective amount of a compound comprising an
acylcamitine analogue of the general formula ##STR6##

wherein R is an akyl chain selected from the group consisting of --C.sub.10 H.sub.21 to --
C.sub.30 H.sub.61.

21. The method of claim 20 wherein R=--C.sub.10 H.sub.21 to --C.sub.22 H.sub.45.
22. The method of claim 20 wherein said compound isa gel.

23. The method of claim 20 wherein said compound further comprises mucic acid.
24. A method of neutralizing avirus, comprising

contacting said virus with an effective amount of a compound comprising an acylcarnitine
analogue of the general formula ##STR7##
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wherein R is an akyl chain selected from the group consisting of --C.sub.10 H.sub.21 to --
C.sub.30 H.sub.61.

25. The method of claim 24 wherein R=--C.sub.10 H.sub.21 to --C.sub.22 H.sub.45.
26. The method of claim 24 wherein said compound isagel.

27. The method of claim 24 wherein said compound further comprises mucic acid.
28. The method of claim 24 wherein said virus is human immunodeficiency virus.
29. The method of claim 24 wherein said virusis herpes simplex virus.

30. A method of inhibiting the growth of afungus, comprising

contacting said fungus with an effective amount of a compound comprising an acylcamitine
analogue of the general formula #STR8##

wherein R is an akyl chain selected from the group consisting of --C.sub.10 H.sub.21 to --
C.sub.30 H.sub.61.

31. The method of claim 30 wherein R=--C.sub.10 H.sub.21 to --C.sub.22 H.sub.45.

32. The method of claim 30 wherein said compound isagel.

33. The method of claim 30 wherein said compound further comprises mucic acid.

34. The method of claim 30 wherein said fungus is Candida a bicans.

35. A method for simultaneoudly inactivating mammalian spermatozoa, neutralizing human
immunodeficiency virus, and inhibiting growth of Candida albicansin afemale mammal in need
thereof, comprising,

administering intravaginally to said female mammal a quantity of amicrobicidal spermicide
sufficient to inactivate mammalian spermatozoa, neutralize human immunodeficiency virus, and

inhibit growth of Candida albicans in said female mammal,

said microbicidal spermicide comprising an acylcarnitine analogue of the general formula
##HSTRO#H

wherein R is an akyl chain selected from the group consisting of --C.sub.10 H.sub.21 to --
C.sub.30 H.sub.61.

36. The method of claim 35 wherein R=--C.sub.10 H.sub.21 to --C.sub.22 H.sub.45.
37. The method of claim 35 wherein said microbicidal spermicideisagel.

38. The method of claim 35 wherein said microbicidal spermicide further comprises mucic acid.
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39. A method of inhibiting the growth of a microbe, comprising

contacting said microbe with an effective amount of a compound comprising an acylcarnitine
analogue of the general formula ##STR10##

wherein R is an akyl chain selected from the group consisting of --C.sub.10 H.sub.21 to --
C.sub.30 H.sub.61.

40. The method of claim 39 wherein R=--C.sub.10 H.sub.21 to --C.sub.22 H.sub.45.
41. The method of claim 39 wherein said compound isagel.

42. The method of claim 39 wherein said compound further comprises mucic acid.
43. The method of claim 39 wherein said microbeis avirus.

44. The method of claim 39 wherein said microbe is a bacterium.

45. The method of claim 39 wherein said microbe is a protozoa.

46. The method of claim 39 wherein said microbe is a fungus.

47. The method of claim 39 wherein said microbe is a parasite.

Description

BACKGROUND OF THE INVENTION
1. Fidd of the Invention

The invention generally relates to novel acylcarnitine analogues and their use as topical,
microbicidal spermicides. The acylcarnitine analogues are excellent spermicides, growth
inhibitors of Candida albicans, and anti-HIV agents.

2. Background of the Invention

Many women want to control their fertility and reduce their risk of becoming infected with a
sexually transmitted disease (STD). The AIDS epidemic has intensified the need for female-
controlled methods that provide effective protection against both pregnancy and STDs (Irwin et
al. 1998). No currently available agent ssmultaneously protects against both pregnancy and
infection. There is a need to develop safe prophylactic agents that are spermicidal and display
activity against HIV and STD pathogens.

Nonoxynol -9 (N-9), a nonionic surfactant, is the most widely used spermicides in the United
States. Unfortunately, it does not appear to reduce the incidence of HIV infection (Rowe, 1997;
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Hiraet a. 1997; Martin et a., 1997; Roddy et al. 1998). In fact, it has been demonstrated that N-
9 actually increases the risk of genital inflammation (Stafford et al., 1998), urinary tract
infections (Fihn et a., 1996), vulvovaginal candidiasis (Geiger and Foxman, 1996), and genital
ulcers (Feldblum. 1996). One Canadian province no longer recommends the use of N-9 in any
form (Rekart, 1992). Furthermore, N-9 is a mixture of oligomers (Y u and Chien, 1995) which
may not meet future regulations as the health-care industry moves toward using pure compounds
or mixtures whose individual components have met safety standards. For reasons of
environmental toxicity (Thiele et al. 1997), several European nations have banned or restricted
the use of N-9 and related compounds, sparking a debate (Renner, 1997) about the health risks of
N-9. Clearly, other aternatives to N-9 as amicrobicidal spermicide are needed.

It would be of benefit to have available an agent which displayed both spermicidal and anti-STD
properties, particularly if the agent was non-irritating and did not increase the risk of
inflammation and infection. It would be especially of benefit if the agent was active against the
devastating disease of AIDS.

SUMMARY OF THE INVENTION

It isan object of thisinvention to provide acylcarnitine analogues of the general formula
#HSTR1##

wherein R isan alkyl chain having 10-30 carbons. In the preferred embodiment R is selected
from the group consisting of --C.sub.10 H.sub.21, --C.sub.11 H.sub.23, --C.sub.12 H.sub.25, --
C.sub.13 H.sub.27, --C.sub.14 H.sub.29, --C.sub.16 H.sub.33, --C.sub.17 H.sub.35, --C.sub.18
H.sub.37, --C.sub.19 H.sub.39, --C.sub.20 H.sub.41, --C.sub.21 H.sub.43 and --C.sub.22
H.sub.45.

It isafurther object of the instant invention to provide a composition of matter comprising a
carrier and an acylcarnitine analogue of the general formula depicted in Formula 1 wherein R is
an alkyl chain selected from the group consisting of --C.sub.10 H.sub.21 to --C.sub.30 H.sub.61,
and where R is preferably --C.sub.10 H.sub.21 to --C.sub.22 H.sub.45. The composition of
matter may further comprise an acid. In a preferred embodiment, the acid is mucic acid. The
carrier may beagel.

The instant invention also provides a method of contraception for afemale mammal. In a
preferred embodiment, a contraceptively effective amount of amicrobicidal spermicide
comprising an acylcarnitine analogue as depicted in Formula 1, wherein R isan alkyl chain
selected from the group consisting of --C.sub.10 H.sub.21 to --C.sub.30 H.sub.61, isplaced in
the vaginal cavity of the female mammal. The microbicidal spermicide may be agel, and may
further comprise an acid such as mucic acid.

The present invention also provides a method of inactivating mammalian spermatozoa,
comprising contacting the spermatozoa with a spermicidally effective amount of a compound
comprising an acylcarnitine analogue of the general formula depicted in Formula 1, wherein R is
an alkyl chain selected from the group consisting of --C.sub.10 H.sub.21 to --C.sub.30 H.sub.61.
In a preferred embodiment, R=--C.sub.10 H.sub.21 to --C.sub.22 H.sub.45. The compound may
be agel, and may further comprise an acid such as mucic acid.
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The present invention also provides a method of neutralizing human immunodeficiency virus,
comprising contacting a human immunodeficiency virus with an effective amount of a
compound comprising an acylcarnitine analogue of the general formula depicted in Formula 1,
wherein R is an akyl chain selected from the group consisting of --C.sub.10 H.sub.21 to --
C.sub.30 H.sub.61. In a preferred embodiment, R=--C.sub.10 H.sub.21 to --C.sub.22 H.sub.45.
The compound may be a gel, and may further comprise an acid such as mucic acid.

The present invention a so provides a method of inhibiting growth of Candida albicans,
comprising contacting Candida albicans with an effective amount of a compound comprising an
acylcarnitine analogue of the general formula depicted in Formula 1, wherein R isan alkyl chain
selected from the group consisting of --C.sub.10 H.sub.21 to --C.sub.30 H.sub.61. In a preferred
embodiment, R=--C.sub.10 H21 to --C.sub.22 H.sub.45. The compound may be a gel, and may
further comprise an acid such as mucic acid.

The present invention also provides a method for simultaneously inactivating mammalian
spermatozoa, neutralizing human immunodeficiency virus, and inhibiting growth of Candida
albicansin afemale mammal in need thereof, comprising administering intravaginaly to a
female mammal a quantity of amicrobicidal spermicide sufficient to inactivate mammalian
spermatozoa, neutralize human immunodeficiency virus, and inhibit growth of Candida albicans
in said female mammal. The microbicidal spermicide comprises an acylcamitine analogue of the
genera formuladepicted in Formula 1, wherein R is an alkyl chain selected from the group
consisting of --C.sub.10 H.sub.21 to --C.sub.30 H.sub.61. In a preferred embodiment, R=--
C.sub.10 H.sub.21 to --C.sub.22 H.sub.45. The compound may be a gel, and may further
comprise an acid such as mucic acid.

DESCRIPTION OF DRAWINGS

FIG. 1. MALDI-TOF analysis of 4% Z-15 in a carboxymethyl cellulose (CMC) preparation 6
months after Rabbit Vaginal Irritation (RV1) studies.

FIG. 2. Z-15 dose-response study: sperm motility assessment. .diamond-solid.=(R)-Z-15; .box-
solid.=MA-(rac)-Z-15; .tangle-solidup.=MA -(R)-Z-15; X=N-9.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION

The present invention provides acylcarnitine anal ogues which display excellent spermicidal and
microbicidal activity. In particular, the analogues are acylcarnitine anal ogues, and they display
excellent activity against HIV, and excellent inhibitory activity against the growth of Candida
albicans, the fungus that typically causes vaginal yeast infections. Further, the acylcarnitine
analogues are non-irritating as demonstrated in standard Rabbit VVaginal Irritation (RV1) studies.

The acylcarnitine analogues are based on the general chemical structure depicted in Formula 1,
wherein R=an alkyl chain of from 10 to 30 carbons. Most preferably, R has 10 to 22 carbons (i.e.
--C.sub.10 H.sub.21 to --C.sub.22 H.sub.45). Synthesis of the acylcarnitine analoguesis
described in Example 1 below. By choosing either the R or S, (or both), stereoisomers of the
starting material (noracylcamitine methyl ester) it is possible to produce the acylcarnitine
analogues in either the R or S enantiomeric form, or to produce a racemic mixture of the
acylcarnitine analogues. The term "acylcarnitine analogue” is meant to include both R and S
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stereoisomers, as well as racemic mixtures of stereoisomers.

In one embodiment, the invention provides acylcarnitine analogues of the general formula
depicted in Formula 1, where R=an alkyl chain of from 10 to 14 carbons (i.e. --C.sub.10
H.sub.21 to --C.sub.14 H.sub.29) or from 16 to 22 carbons (i.e. --C.sub.14 H.sub.29 to --
C.sub.22 H.sub.45). The compound in which R=--C.sub.15 H.sub.31 has been described
previously as a potential diabetes drug.

In another preferred embodiment, the present invention further provides a composition of matter
which comprises a carrier and an acylcarnitine analogue of the general formula depicted in
Formula 1, wherein R=an alkyl chain of from 10 to 30 carbons, and most preferably 10-22
carbons (i.e. --C.sub.10 H.sub.21 to --C.sub.22 H.sub.45). In yet another embodiment, the
composition of matter may be agel.

The acylcarnitine analogues have been shown to possess excellent activity against HIV.
However, those of skill in the art will recognize that use of the acylcarnitine anal ogues need not
be limited to neutralizing HIV. Other viruses (such as herpes simplex virus) may also be
neutralized by the practice of the present invention.

The composition of matter of the present invention may further comprise an acid. Suitable acids
would be those which may: increase the water solubility of the analogues; be compatible with
vagina flora (e.g. they may have a buffering capacity which maintains the formulation at a pH of
about 4-6); they may help the growth of lactobacilli; they may have preserving qualities and thus
augment the potency of the analogues; salts of the acids may be helpful in increasing the
crosslinking of carboxymethyl cellulose (CMC) they would be non-toxic and non-irritating.
Examples of suitable acids may include but are not limited to citric acid, tartaric acid, lactic acid,
malic acid, ascorbic acid (sodium salt), pantothenic acid (sodium salt), lactic acid (sodium salt),
various amino acids, mucic acid and the like. In a preferred embodiment of the present invention,
the acid ismucic acid.

The acylcarnitine analogue is present in the composition of matter of the present invention in the
range of about 1-99% by weight. In a preferred embodiment of the present invention, the
acylcarnitine analogue is present in the range of about 2-10% by weight. When mucic acid is
present in the composition of matter of the present invention, it is present in the range of about 1-
99% by weight. In a preferred embodiment of the present invention, the mucic acid is present in
the range of about 1-10% by weight.

The acylcarnitine analogue may be dissolved or dispersed in anumber of carriers. For example,
it may be formulated for "stand alone" usage in forms which include but are not limited to gels,
foams, suppositories, creams, lotions, tablets, pessaries, and the like. Many suitable carriers exist
which are well-known to those of skill in the art and which may be used in the practice of the
present invention. The use of al such carriersis meant to be encompassed by the present
invention. In a preferred embodiment, the carrier is 3% carboxymethyl cellulose (CMC) in
H.sub.2 O. Any formulation which alows the delivery of the acylcarnitine analogue in a quantity
sufficient to inactivate spermatozoa, neutralize HIV, and inhibit the growth of Candida albicans
may be utilized in the practice of the present invention.

The formulations may further include other ingredients which are well -known to those of skill in
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the art, including but not limited to stabilizers, colorants, preservatives, perfumes, gelling agents,
antioxidants, other active ingredients, and the like. The composition of matter of the present
invention may contain one or aplurality of acylcarnitine analogues. The acylcamitine analogues
may be of the same or of different alkyl chain lengths, and may be the same or different isomers
(R and/or S), or aracemic mixture of isomers, in asingle formulation.

The composition of matter of the present invention may also be used in conjunction with other
contraceptive devices. Examples include but are not limited to: addition to condoms or
diaphragms to enhance their activity, or to imbibe a cervico-vaginal sponge that would act as
both a mechanical and chemical barrier against sperm and microbes.

In another embodiment, the present invention aso provides a method of contraception in female
mammals which involves placing a contraceptively effective amount of a compound of the
genera formuladepicted in Formula 1 in the vaginal cavity of afemale mammal. Those of skill
in the art will recognize that a variety of means are known by which a compound may be
delivered intravaginally, for example plunger-type applicators, pessaries, sprays, squeezeable
tubes, cervical rings, sponges, and the like. All such meansfor intravagina delivery are intended
to be encompassed by the present invention.

The present invention also provides a method of inactivating mammalian spermatozoa which
comprises contacting said spermatozoa with spermicidally effective amount of a compound of
the general formula depicted in Formula 1.

The present invention also provides a method of neutralizing viruses which comprises contacting
viruses with a quantity of a compound of the general formula depicted in Formula 1 sufficient to
neutralize the virus. In a preferred embodiment of the present invention, the virus is human
immunodeficiency virus. In another preferred embodiment of the present invention, the virusis
herpes simplex virus.

The present invention also provides a method of inhibiting the growth of fungi which comprises

contacting a fungus with a quantity of a compound of the general formula depicted in Formula 1

sufficient to inhibit the growth of the fungus. In a preferred embodiment of the present invention,
the fungusis Candida abicans.

The present invention also provides a method of inhibiting the growth of a microbe which
comprises contacting the microbe with a quantity of acompound of the general formula depicted
in Formula 1 sufficient to inhibit the growth of the microbe. Examples of microbes whose
growth may be inhibited by the method of the present invention include but are not limited to
viruses, bacteria, protozoa, fungi and parasites.

In other embodiments of the present invention, carnitine alalogues may be utilized as
microbicidal agentsin commodities other than spermicides. They are especially suited for
products intended for topical application because they are non-irritating. For example, they may
be added to cosmetic preparations and other hygenic products which include but are not limited
to mouthwashes, deodorants, creams, lotions, cosmetics, and the like in order to, for example,
effect disinfection, sterilization, or preservation of the product.

In other embodiments of the present invention, the acylcarnitine analogues may be utilized for
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their intravaginal microbicidal properties alone, i.e. in situations where their spermicidal effects
are superfluous. For example, acylcarnitine analogues may be utilized for women who are sterile
(e.g surgicaly sterile, post-menopausal, etc.) or who are utilizing a different form of birth control
(e.g. hormonal, intrauterine device, diaphragm, and the like), but who may benefit from the
intravaginal microbicidal properties of the compounds. For these purposes, the acylcamitine
analogues may be formulated in any of avariety of ways which are well-known to those of skill
in the art. Examples include but are not limited to vaginal douches, gels, creams, suppositories,
and the like.

EXAMPLES
Example 1
Synthesis

Demethylation of (R)-acylcarnitine by thiophenol in 2-(dimethylamino)ethanol (Colucci et al,
1987) followed by precipitation with LiOH gave 1 in 89% yield. (Refer to Scheme 1 below.) The
esterification was modified (Gandour et al, 1993) to improve the yield of 2. Bromohydroxylation
of aseries of 1-alkenes, followed by in situ oxidation of the resulting secondary alcohol to a
ketone by Jones' reagent, gave 3 in good yields. Our previous synthesis (Kumaravel et a, 1993),
aminor modification of Zav'yalov et al.'s procedure (Zav'yalov et al., 1989), used acetone as a
solvent and gave yields of 3 in the range of 30-55%. However, bromoacetone, a by-product and
strong lachrymator, made the workup tedious. The procedure with tetrahydrofuran (THF)
eliminated this difficulty. After systematic variation of solvent and alkene, the reaction
proceeded reliably in THF/H.sub.2 O)/alkene [(12:12:1)(v/v/w)] as follows:

Synthesis of 1-bromo-2-alkanones, 3. To a solution of 1-alkene (20 mmol) in THF:H.sub.2 O
(1:1, 24 mL/g of alkene), N-bromosuccinimide (NBS) (24 mmoal, 1.2 equiv) and FeCl.sub.3
6H.sub.2 O (50 mg) were added. The resulting orange solution was stirred until all NBS
dissolved (ca. 4-5 hrs). To this solution, Jones reagent [CrO.sub.3 (6.1 g, 61 mmol) and conc.
H.sub.2 SO.sub.4 (6 mL)] was added while cooling the reaction flask. The dark green reaction
mixture was stirred overnight and then diluted with water (50 mL). The reaction mixture was
extracted with Et.sub.2 O (3.times.30 mL). The ethereal extract was washed with saturated
NaHCO.sub.3 (2.times.30 mL), brine (1.times.20 mL) and dried. Concentration of the extract
gave awax which was chromatographed on silica. Eluting with hexanes followed by 10%
Et.sub.2 O-hexanes gave a colorless waxy solid (yield 70-88%). .sup.1 H NMR (400

MHZz) .delta. 0.75 (3H, t, J.sub.app =7.1 HZ), 1.44-1.75 ((n-7)H, br m), 2.65 (2H, t, J.sub.app
=7.1Hz). 3.89 (2H, 9); IR (film) v.sub.max 1719.

Condensation (Gandour et al, 1993) of 3 with 2 gave 4. The key to isolating "clean” 4 was
triturating the oily residue with EtOAc, then stirring until precipitation occurred. The hydrolysis
of 4 with 0.05-N NaOH furnished the desired zwitterions Z-10-Z-15. Multigram quantities of Z-
10-Z-15 were separated from NaBr with reverse-phase (RP-8) column chromatography instead
of HPLC (Gandour et a, 1993) and, then, recrystallized to yield analytically pure samples. This
procedure should also be useful for producing compounds with greater than 15 carbons, e.g. 16
to 30 carbons.

While Z-10-Z-15 compounds were used in the following examples, results with compounds with
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greater than 15 carbons should be similar. ##STR2##
Example 2
Spermicidal Activity in the Sander-Cramer Test

Semen samples were collected from healthy human volunteers: only specimens with
>60.times.10.sup.6 motile sperm/mL and >50% motility were used. Two-fold seria dilutions of
the compounds were prepared in 0.9% saline and incubated with semen samples for 20 seconds.
Sperm were assessed under the microscope and positive dilutions (i.e. al observed sperm were
immotile) were further incubated at 37.degree. C. for 1 hour with 2 vol. of buffer, and re-
examined for sperm motility. If no motile sperm were seen, the positive score was maintained.
The Minimum Effective Concentration (MEC) for the compound was calculated using the
highest sperm immobilizing dilution and itsinitial concentration.

Table 1 presents the in vitro assay results for Z-10-Z-15 and N-9. For Z-10-Z-15, the potency
increases (i.e. MEC decreases) as the length of the alkyl chain increases until Z-14, the tetradecy!
analogue. Within experimental errors. Z-14 and Z-15 have similar MECs; both are slightly lower
than that of N-9.

TABLE 1

Spermi cidal Activity of Z-10 - Z-15 and N-9 in the Sander-Cramer Test.

Initial Hi ghest
Com Sol - Conc. Sper mi ci dal Sol u-
pound vent (mg/m) Dilution (1/X) MEC (ng/mL).sup.a n bility
Z-10 dH.sub.2 O 10 4.8 .+-. 0.5 2.3 .+-. 0.2 10 oK
(R)-Z-11 dH.sub.2 O 10 7.6 .+-. 0.0 1.4 .+. 0.1 10 oK
(R)-Z-12 dH.sub.2 O 10 27.2 .+-. 2.3 0.407 .+. 0.7 10 oK
(R)-Z-13 dH.sub.2 O 10 48.0 .+-. 5.1 0.235 .+. 0.025 10 oK
(R)-Z-14 dH.sub.2 O 10 102.4 . +-. 18.5 0.121 .+-. 0.014 10 (0
(R)-Z-15 dH.sub.2 O 10 102.4 . +. 9.9 0.109 .+-. 0.012 10 (0
N- 9 dH.sub.2 O 10 83.2 .+. 18.2 0.144 .+-. 0.011 10 (0 ¢
.sup.a Mnimm Effective Concentration

These results show that the acylcarnitine analogues are effective as a spermicide. Thetest used is
an accepted procedure for judging the effectiveness of spermicides (Sander and Cramer, 1941,
Doncel, 1994). In use as a spermicide, the acylcamitine analogues would be provided topically to
the vaginain agel, ointment, or other dosage form such that subsequent contact with sperm will
result in immobility of the sperm.

Example 3

Inhibition of Candida albicans

The Minimum Inhibitory Concentrations (MICs) of Z-10-Z-15 were measured by determining
the inhibition of growth of C. albicansin asolution of mineral salts plus yeast extract (See

Standard Practice for Determining Resistance of Synthetic Polymeric Material to Fungi.
American Society for Testing and Materials (ASTM) Standards on Materials and Environmental
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Microbiology, 1.sup.st Ed., 1987), and amended with glucose (10 g/L) and yeast extract (1 g/L).
An aliquot (250 .mu.l) of sterile medium was dispensed into each well of a 96-well microplate.
Stock solutions were prepared by dissolving test compounds in 50% (v/v) agueous
dimethylsulfoxide (DM SO). Each well (plus controls) was then inoculated with 5 .mu.l of a
suspension of C. albicans. The suspension was then adjusted to provide OD.sub.686 =0.28. This
density contains ca. 2.5.times.10.sup.7 colony forming units (CFU).sup.2 /mL. The microplates
were incubated in the dark for 4 days at 28.degree. C. Test wells with an OD.Itoreq.0.05 were
judged to exhibit complete inhibition of cellular growth.

The results showed that the Minimum Inhibitory Concentration (MIC) for C. albicans decreases
as the chain length increases. The MICs (in mg/mL) are:

Compound M C
Z-10 >0.1
Z-11 >0.1
Z-12 0.08-0.1
Z-13 0. 04
Z- 14 0.01
Z-15 0. 002

As can be seen, compound Z-15 displayed the highest activity, and Z-14 displayed acceptable
activity.

These results show that the acylcarnitine analogues are effective as inhibitors of the growth of C.
albicans. The tests used are accepted procedures for judging the effectiveness of compounds as
inhibitors of the growth of C. albicans. In use as a spermicide, the acylcarnitine analogues wound
be provided topically to the vaginain agel, ointment, or other form such that subsequent contact
with C. abicanswill result in inhibition of growth of C. albicans.

Example 4
Anti-HIV Activity

The assay for in vitro anti-HIV activity followed the previously described procedure (Resnick et
al., 1990). An infectious suspension of HIV-1 (RF strain, NIH 1983) was exposed to the
compounds for 2 minutes. Immediately after, the mixture was 10-fold serially diluted with
medium to terminate compound effect, and the dilutions were incubated with MT-2 target cells
at 37.degree. C. The cells were maintained in growth medium at 37.degree. C. for 6 days. HIV-
induced cytopathology (syncytium formation) was assessed on day 6 after infection, as was cell
viability.

Table 2 presents the results of Z-10-Z-15 and N-9 (control) in in vitro assays for inhibition of
cel-free HIV -1 (RF strain). Asin the other assays, the effective concentration of antiviral agent
decreases as the length of the alkyl chain increases. Within experimental errors. Z-13, Z-14, and
Z-15 have similar activities; N-9 is dlightly more active than these compounds.

TABLE 2
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In Vitro Assay for Inhibition of H'V: Cell-free Inactivation Assay.
The effect of the concentration on the reduction of virus activity.
Concentration (ng/mn)

Conpound 10 3.2 1 0.32 0.1 0. 032

Z-10 .gtoreq.4.0.sup. a 2.8 1.0 0.8 n.a..sup.b n.a
Z-11 4.7 2.7 2.0 0.8 n. a. n.a..sup

Z-12 .gtoreq. 4. 0. sup. .gtoreq. 3.5 2.8 2.0 0.3 0.0
Z-13 3.5 3.5 3.3 2.7 1.5 0.5

Z-14 .gtoreq. 4. 0. sup. .gtoreq.4.0 3.5 2.8 1.5 0.5
Z-15 .gtoreq. 4. 0. sup. 3.8 3.2 2.7 1.5 0.3

N-9 n. a. n. a. .gtoreq. 4.0. sup. 3.5 2.2 0.5
.sup.a In log units, values indicate reduction of infective viral titer

.sup. b Not assayed

These results show that the acylcarnitine analogues are effective as HIV neutralizing agents. The
tests used are accepted procedures for judging the effectiveness of compounds as HIV
neutralizing agents (Resnick et al. 1990). In use as amicrobicide, the acylcarnitine analogues
would be provided topically to the vaginain agel, ointment, or other dosage form such that
subsequent contact with HIV will neutralize the virus.

Example 5
Rabbit Vagina Irritation (RV1) Study

The Food and Drug Administration recommends that all vaginal products be tested in the 10-day
RVI (Eckstein et a., 1969) assay prior to clinical trialsin women. Table 3 shows a comparison
of 4% Z-15 formulated in 3% carboxymethyl cellulose (CMC) in water, 3% CMC in water
(vehicle), and two commercia products that are formulations of N-9 in CMC. The results show
that the 4% Z-15 in 3% CMC is minimally irritating. The score of 2.7 for the 4% Z-15
formulation is outstanding compared to the commercia products.

TABLE 3
Rabbit vaginal irritation study
Sanpl e Score. sup. a
Sal i ne 3.0
Conceptrol .RTM (4% N-9) 7.6

Gynol .RTM (2% N-9)
4% Z-15 in 3% CMC
3% CMC
.sup.a Mean conposite score of nultiple vag

AT
O BANN

n

| tissue sanples

Example 6
Effect of Timein Formulation on Activity and Chemical Integrity of Z-15

The spermicidal activity of Z-15 was assayed after three months in the CM C formulations; the
results showed that Z-15 was still active as a spermicide after three months.



United States Patent: 6,656,936

Residua samples of (R)-Z-15 in the CMC formulation were analyzed with .sup.1 H nuclear
magnetic resonance (NMR) and Matrix Assisted Laser Desorption lonization Time of Flight
Mass Spectroscopy (MALDI-TOF). For the NMR analyses, samples of the hydrogel were
dissolved in D.sub.2 O. For the MALDI-TOF analysis a sample of the hydrogel was placed in
the chamber and subjected to the laser. The MALDI-TOF results are depicted in FIG. 1. Both
techniques unambiguously showed that Z-15 remained unchanged chemically in the
formulations after six months.

Example 7
Cervica Mucus Biodiffusion

The cervical mucus Biodiffusion properties of (R)Z-14 and (R)-Z-15 analogues were tested in
comparison to that of N-9 using the Double-End test (Doncel. 1994). In this test, compound
solutions (in 0.9% saline) were incubated for 60 minutes with a7 cm capillary tube containing
bovine cervical mucus (Penetrak.RTM., Biochem Immuno System, Norwell, Mass.) opened at
one end. After such incubation, the tubes open end, which had been in contact with the
compound, was sealed. Subsequently, the tubes were cut open at 20 mm from the initial opening,
inverted, and immersed in semen so as to allow sperm penetration in an opposite direction to that
of the compound diffusion. Sperm cease penetration when they encounter a bioactive
concentration of the test compound. Thus, the lower the sperm penetration, the greater the
compound's biodiffusion. In addition, the spermicidal activity of the analogues was tested again.
The results are given in Table 4. As can be seen, the acylcarnitine analogues exhibit similar
biodiffusion to N-9 as evidenced by their DET values.

TABLE 4
Cervical nucus biodiffusion
Testing
Com Sol - MEC. sup. a Concentration.sup.b DET.sup.c
pound vent (mg/ m) (mg/ L) % contr ol n
(R)-Z-14 dH. sub.2 O 0.091 .+-. 0.008 0.91 18.0 .+-. 1.2 12
(R)-Z-15 dH. sub.2 O 0.104 .+-. 0.011 1.04 16.0 .+-. 0.0 12
N-9 dH. sub.2 0 0.144 .+-. 0.011 1.44 17.5 .+-. 0.7 12
0.9% dH. sub.2 O 100.0 .+. 0.0 12

NaCl

.sup.a Mninmum Effective Concentration per Sander-Cramer assay,;

.sup. b Ten fold MEC.

.sup. c Doubl e-End Test (% control represents test sperm penetration as
conpared to control [solvent] sperm penetration)

Example 8
Spermicidal Activitiesof (R)-, (S), and Racemic (rac)-Z-15
The FDA requires pharmacological evaluation of all stereoisomers of chiral drug candidates (see

the FDAs Policy Statement for the Development of New Stereoisomeric Drugs (May. 1, 1992) at
http:www.fda.gov/cder/guidance/stereo.htm). Accordingly, (R)-, (S), and (rac)-Z-15 were
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evaluated for spermicidal activity. A standard Sander-Cramer assay was performed and the
results are given in Table 5. As can be seen, there are no significant differences in the activities
of both enantiomers and the racemate. In this assay, (rac)-Z-15 is dightly more active than the
two enantiomers and significantly more active than N-9.

TABLE 5
St andard Sander- Cramer Assay for (R -, (S), and (rac)-2Z-15
Initial Hi ghest
Com Sol - Conc. Sper mi ci dal Sol u-
pound vent (mg/m) Dilution (1/X) MEC (ng/nlL).sup.a n bility

(rac)-2Z-15 dH.sub.2 O 10 115.2 . +-. 23.6 0.117 .+-. 0.016 10 K
(R)-z-15 dH.sub.2 O 10 73.6 .+. 9.1 0.156 .+-. 0.019 10 oK

(S)-2-15 dH.sub.2 O 10 80.0 .+-. 10.4 0.148 .+-. 0.021 10
N-9 dH.sub.2 O 10 33.6 .+-. 3.5 0.329 .+-. 0.035 10
Example 9

Spermicidal Activity of Z-15 Mucic Acid Blends

The recent disclosure (Fassi, U.S. Pat. No. 5,952.379) of stable, non-hygroscopic salts of L-(-)
[(R)-]acylcamitine and alkanoyl L-(-)-[(R)-]acylcarnitines with mucic acid (MA) (2:1) prompted
the exploration of the effects of blending MA with Z-15. Blending reduced the pH of a sample of
Z-15 from about 9-10 to about 3.5-3.8. The blends contained only 67% Z-15 as an active
ingredient compared to pure Z-15 (100%). The results are given in Table 6, which shows that a
blend of 33% MA and 67% (rac)-Z-15 is as active as any form of Z-15. Further, these
experiments again showed that (rac)Z-15 displays activity equal to that of theRand S
enantiomers.

TABLE 6
Sperm cidal activity of Z-15 - rnucic acid bl ends.
Initial
Conc. Hi ghest
(mg/ Sper ni ci dal MEC Sol u-

Conpound Solvent L) Dilution (1/X) (mg/ L) n bility
(rac)-2Z-15.sup.a dH.sub.2 O 10 108.80 .+-. 19.20 0.113 .+-. 10 K

0. 015
AR-Z-15.sup.b dH. sub.2 O 10 96.00 .+-. 19.67 0.129 .+-. 10 K
0.014
MA- (rac) - dH. sub.2 O 10 96.00 .+-. 13.49 0.141 .+-. 10 K
Z-15-.sup.c 0. 030
N-9 dH. sub.2 O 10 73.6 .+. 8.4 0.156 .+-. 10 X
0. 020

.Sup.a Lot 964;
.sup.b gravinetric mxture (50%S)- plus 50% (R) - Z-15;
.sup.c 33% MA plus 67%rac-Z-15

Example 10
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Sperm Matility Inhibition by Z-15-Mucic Acid Blends

The ability of Z-15-mucic acid blends [(R)-Z-15-MA and rac-Z-15-MA] to inhibit sperm
motility was tested in comparison to (R)-Z-15 alone or N-9. The results are depicted in FIG. 2.
As can be seen, both Z-15-mucic acid blends have alower ED.sub.50 (Effective Dose 50%, i.e.
the dose of the compound that immobilizes 50% of the spermatozoa) than either (R)-Z-15 alone
or N-9 alone. Further, these results also demonstrate the superior ability of Z-15 over N-9 to
inhibit sperm motility at concentrations below the MEC.

Example 11
Anti-HIV Activity of Formulated Z-15 and a 15-MA Blend

Table 7 contains data demonstrating a dose-dependent inactivation of HIV by aZ-15-MA blend
and a gel formulation containing 4% Z-15in a 3% CMC vehicle.

TABLE 7
Anti-HV activity of fornulated Z-15 and a Z-15- MA bl end
Sol - % Agent during TCTD.sub.50 |og reduction

Conmpound vent Exposure cytotoxicity in virus titer.sup.a
MA- (rac) - Z-15-.sup.b dH. sub.2 O 0.1, 0.032, 15 .Itoreq. 0.5, 3.5, 1.9
0.01, 0.0032 .ltoreq.0.5, .ltoreq.0.5 0.7, 0.5
4% (R) - Z- 15 dH. sub.2 O 0.1, 0.032, 1.5, .ltoreq.0.5, 3.5, 1.7
in gel.sup.c 0.01, 0.0032 .ltoreq.0.5, .lItoreq.0.5 .1toreq.0.2
.Itoreq.0.2
3% CMC gel dH. sub.2 O 0.1, 0.032, .ltoreq.0.5, .ltoreq.0.5, 0.9,
.ltoreq.0. 4,
0.01, 0.0032 .ltoreq.0.5, .ltoreq.0.5 .Itoreq.0.2
.1toreq.0.4

.sup.a Virus Control = 6.2-10g.sub.10 TCID.sub.50 /0.1 m;

.sup.b 33% MA plus 67%rac-Z-15;

.sup.c Cel consists of 3% CMC in H . sub.2 O plus 0.18% net hyl paraben and
0. 02% pr opyl par aben
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While the invention has been described in terms of its preferred embodiments, those skilled in
the art will recognize that the invention can be practiced with modification within the spirit and
scope of the appended claims.
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